status of Cambrian lobopodians, because the pharyn geal teeth of H. sparsa most closely resemble those of Cambrian priapulids, whereas circumoral structures are also a key characteristic of Cambrian radiodontans. More crucially, H. sparsa is now regarded 2, 9 as an ancestor of living onychophorans (com monly known as velvet worms), so the find ing of H. sparsa mouthparts suggests that the absence of circumoral elements and pharyn geal teeth in extant onychophorans is probably the result of secondary loss. Thus, this com bined structure is now reported for all major ecdysozoan groups.
Smith and Caron further notice the simi larities of ecdysozoan mouthparts (see Supplementary Note 1, transformation series 9 and 13 of the paper 2 ), and suggest that all phar yngeal teeth and circumoral structures across ecdysozoan groups share a single origin from the last common ancestor of ecdysozoans. This provides new anatomical features to unite the Cycloneuralia and Panarthropoda.
However, this conclusion is bound to provoke some controversy. Limited by the vagaries of preservation, it is difficult to determine the detailed morphology and sym metry of the pharyngeal teeth and circumoral elements of H. sparsa -such details are essen tial for further comparative studies. Although the homology of ecdysozoan pharynxes lined with teeth is well accepted, the evolutionary links between the circumoral structures of Cycloneuralia and Panarthropoda are less clear, because these differ substantially in their structure, relative position, construction and symmetry
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. Therefore, a more complete understanding of the evolutionary origin and transformation sequence of these mouth parts depends on a more thorough compari son of their morphology, development and innervation across all ecdysozoan groups. 
NANOTECHNOLOGY

Colourful particles for spectrometry
A smartphone camera, patterned with arrays of filters made from colloidal suspensions of coloured particles, has been transformed into a powerful tool for spectral analysis. See Letter p.67 Faraday's study probed the fundamental properties of light related to its reflection and absorption by progressively smaller particles. During the presentation, very fine gold particles dis persed in liquid were shown to produce vivid colours not seen with larger particles. Faraday did not know that he had created suspensions of particles now known as colloidal quantum dots (CQDs), but, guided by insight, he con cluded that the distinct colours were due to the minute sizes of the gold grains. On page 67 of this issue, Bao and Bawendi 2 describe how they have exploited the unique optical prop erties of CQDs to develop a compact optical spectrometer that could be integrated with a smartphone camera or used as a miniature, handheld sensing tool.
Faraday had glimpsed a special condi tion that allows a particle's quantum nature to be expressed. His work set the course for nanoscience and quantum theory, but it took 125 years before the physics of the phe nomenon that he observed was attributed to quantum size effects 3 . It is now known that, when CQDs are exposed to light, some of the electrons in these particles are excited as they gain energy from the photons. However, unlike large particles and bulk materials, the nanoscale dimensions of the quantumdot particles confine the electrons and change the energy difference between their excited and relaxed states. CQDs emit light when the electrons relax from a higher to a lower energy state (Fig. 1) . The colour of the light depends on the states' energy difference and is critically linked to the size of the par ticles, which can be controlled when pro ducing the CQDs. The physics that underpins this behaviour allows CQDs to be used for spectroscopy.
The first simple spectrometer, consisting of a dispersive prism, was developed by Isaac Newton, who proved that white light is com posed of a spectrum of many colours 4 . These days, optical spectrometers have become indis pensable instruments used to measure the dis tribution of light's colours (wavelengths) in a variety of complex scientific investigations. Astronomers use them to collect and analyse optical spectra of exoplanets that may have life supporting atmospheres 5 . Planetary scientists are using spectrometers on board rovers on the surface of Mars to analyse the composition of soil and rocks, looking for clues to the planet's past environment and whether conditions may have been favourable for microbial life 6 . Opti cal spectrometers routinely support activities that underpin our daily lives, such as biomedi cal research, drug discovery, renewable energy, forensic science, environmental monitoring and chemical detection.
The optical spectrometers used in these applications tend to be complex and costly because of their numerous highprecision optical and mechanical components and the stringent requirements for the align ment of these parts.They can also suffer from poor throughput, because much of the input light is scattered or absorbed as it passes through many components before reaching the detector for analysis. Finally, to be able to distinguish, or resolve, two nearby wavelengths, the instruments must typically be large.
Bao and Bawendi have overcome many of these limitations through an elegant integration of nanotechnology with the image sensors used in digital cameras. Their spectrometer is based on a design involv ing broadband absorptive filters, which are similar to the coatings applied to sunglasses to block ultraviolet light. The filters are made from a series of CQDs, each with a specific particle size.
This design concept can be explained by considering the case of a single sensor and a broadband absorptive optical filter. The sensor detects visible light and the filter has a specific, known (measured independently) cutoff wavelength, below which light is totally absorbed. Ideally, the filter should efficiently transmit light above this cutoff wavelength. Now consider an additional sensor and an absorptive filter tuned to another, slightly dif ferent, cutoff wavelength. Both pairs of sen sors and filters are illuminated with light of unknown colour content. The difference in the signals registered by the two sensors is a measure of the incident light power between the different cutoff wavelengths. In principle, extending this approach to greater numbers of sensors with filters tuned to different cutoff wavelengths will increase the range of colours that can be measured and the ability to resolve two adjacent colours.
Bao and Bawendi achieved this scaling by applying 195 different broadband absorp tive CQD filters to hundreds of locations on the pixelated image sensor and by using an extended spectrumreconstruction method to handle the large set of sensor readings.
Commercial nanotechnology developments have led to simplified quantumdot synthesis and precise control of dot size. CQDs can be used as tailorable broadband absorptive filters, because both the spectral absorption and the emission properties vary with particle
PUBLIC HEALTH
The case for pay to quit
A randomized controlled trial of four financial-incentive programmes for smoking cessation finds that reward-based schemes lead to sustained abstinence, but low public acceptability of such schemes threatens their adoption.
T H E R E S A M . M A R T E A U & E L E N I M A N T Z A R I
T obacco remains the most lethal legal product 1 , killing up to half of all users 2 and accounting for more than half of the difference in life expectancy between rich and poor members of society 3 . Higher pricing, which equates to a financial penalty, is thought to be the most successful interven tion for reducing smoking. A 50% increase in inflationadjusted prices is estimated to cut consumption by 20% in high, middle and lowincome countries, with the largest impacts on the young and on poor people 4 . For those wanting to quit, behavioural interventions and pharmacotherapy can help, although few attempts result in sustained quitting 5 . Financial incentives are a relatively new addition to the repertoire of behavioural interventions. Writ ing in the New England Journal of Medicine, Halpern et al. 6 present a trial of four incentive schemes that adds to the growing evidence base (Fig. 1) .
The trial is the first to compare four incen tive schemes for smoking cessation against usual care. It involved 2,538 employees of a US company, their relatives and friends. Two of the schemes targeted individuals and two targeted groups of six participants who were incentivized through the collective perfor mance of the group. One individual and one groupbased scheme provided rewards of US$800 for smoking cessation, and the other two schemes required refundable $150 depos its, together with a $650 reward, for successful participants.
Acceptance of the rewardbased schemes -assessed as the proportion of participants enrolling in the scheme to which they were assigned -was 90%, much higher than for the deposit schemes, at 13.7%. There were no differences in the acceptance of individual and groupbased schemes. When comparing the entire cohort of participants, regardless of whether or not they enrolled on the scheme they were offered (with those not enrolling in the scheme assumed to have remained smokers), the quit rates in the intervention groups at 6 months ranged from 9.4% to 16% -all higher than the 6% quit rate in the usualcare group. Quitting was higher for the reward than for the depositbased schemes (15.7% versus 10.2%) and similar for individ ual and groupbased schemes. Among the small proportion of participants who accepted the deposit schemes, 52% had quit at 6 months, compared with 17% of those size. It is now feasible to produce CQDs with continuously and finely varying absorption cutoff colours, from the deep violet to near infrared wavelengths. These solutions can be directly patterned on the imagesensor pixels using inkjet or directcontact printing meth ods. The longterm stability of the patterned quantum dots has also improved to provide reasonable device lifetime. It is these key fac tors that enabled Bao and Bawendi to develop their CQD spectrometer, and the simplicity of their design overcomes the constraints usually seen in conventional spectrometers.
Future developments in nanotechnology and their potential for commercialization may provide the full complement of CQD materi als needed for spectral measurements beyond the visible range. One promising research area concerns chalcogenide CQDs, which have optical emission and absorption properties that extend to longer, infrared wavelengths 7 .
Further technical challenges must be overcome to improve CQD materials and reduce optical losses. If practical automated quantumdot patterning on image sensors can be realized, then the costs that limit widespread integration of this technology into consumer electronics will be reduced. In the future, we may see tiny, highresolution CQD spectrometers used on space missions or as ubiquitous sensing ele ments in household devices connected to the Internet. ■ Norm C. Anheier is at the Pacific Northwest National Laboratory, Richland, Washington 99352, USA. e-mail: norm.anheier@pnnl.gov
